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High-damping rubber bearing (HDRB) is one of the most popular devices used for seismic isolation of structures. In order to clarify the mechanical characteristics of HDRB, various loading tests have been conducted on the bearings and obtained data have been applied to practical design of isolation systems. In this study, in order to investigate the scale effect on the physical characteristics of HDRB, dynamic loading tests were conducted with full scale and scaled model isolators, which have diameters of 1,000 and 225 mm, respectively. The test program covers shear strain dependence tests, frequency dependence tests, and repeated loading dependence tests. Special attention is paid in the differences of shear characteristics caused by the specimen scale. Repeated loading test was conducted only with a scaled model, and the relationship of temperature increase of the specimen and shear characteristics was evaluated. In parallel, finite element analysis (FEA) of the isolator under repeated loading was conducted. After the constitutive model of FEA was identified by the results, the FEA was extrapolated to simulate repeated loading of 1,000- and 1,600-mm-diameter isolators, which cannot be tested realistically by dynamic loading. Change of properties along the increasing number of cycles and temperature distribution of full scale and scaled down isolators were investigated. Necessity of consideration for the scale effect in the evaluation of HDRB properties by dynamic testing is discussed.
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INTRODUCTION

Seismic isolation technology has gained popularity in the recent decades as one of the measures for seismic protection of structures (Murota, 2009; Nishi and Murota, 2012). Seismic isolation is an aseismic design concept to reduce the seismic force transmitted to the structure by supporting it with a flexible support member to elongate the natural period of the structure and thereby decouples it from the ground effects. Basically, seismic isolation systems provide functions of restoring force and energy dissipation. The seismic isolation bearing (SIB), made up with layers of alternating rubber and steel plates, is the most popular device for providing restoring force and damping characteristics. In addition to conventional SIB, innovation of new types of SIB has been progressed by many researchers (Losanno et al., 2019; Madera Sierra et al., 2019).

Many kinds of SIB testing, such as shear strain dependence, temperature dependence, frequency dependence, vertical loading force dependence (Tubaldi et al., 2016; Kalfas et al., 2017), aging effect (Hamaguchi et al., 2009), and ultimate properties (Nishi et al., 2019), have been conducted and useful data have been obtained for the design of the isolation systems. In order to evaluate realistic isolator characteristics, full scale isolator testing under dynamic loading is desired (Infanti et al., 2004; Yamamoto et al., 2012; Kato et al., 2014). However, in the case of dynamic loading of such specimens, a substantial capacity of hydraulic systems including the number of accumulators, high-level control devices, and high-precision measurement systems are required for the test setup. Therefore, full scale testing is generally conducted under quasi-static loading conditions, and rate-dependent characteristics are evaluated using a scaled model by a relatively small capacity dynamic testing machine. As an example, in ASCE 7–16, chapter 17 (American Society of Civil Engineers [ASCE], 2017), it is permitted to use a scaled model for the test of isolators that has rate-dependent properties, considering practical reasons caused by the limitation of the number of facilities, which provides sufficient capacity for dynamic tests of full scale specimens. In ISO 22762 “Elastomeric seismic-protection isolators” (ISO 22762, 2018a, b), the allowable scaling for each test type is specified. Basically, rubber material itself has frequency dependency in its restoring force characteristics. High-damping rubber bearing (HDRB) is one of the types of SIB that has relatively large frequency dependence in terms of shear properties. Generally, the rubber material of HDRB is filled with carbon or other ingredients, and interaction occurring between the polymer and the filler under stretching condition dissipates kinetic energy as heat builds up. Increasing temperature of rubber results in the decrease in shear stiffness and damping ratio. The thermal conductivity of rubber is much lower than that of metals, and the build-up heat in rubber radiates from the surface of SIB. Therefore, the accumulation of heat inside rubber is affected by the scale of length, which is considered as the main reason of scale effect on the physical properties of SIB.

In this study, firstly, the scale effect on the fundamental shear properties of HDRB is investigated by dynamic loading tests with two types of specimen: full scale and scaled-down specimens with a scale ratio of 1/4.44. Specimen diameters are 1,000 and 225 mm. The measured properties are shear strain dependence and frequency dependence. Secondly, dynamic repeated loading test with 200 cycles is conducted on isolator specimens with a diameter of 225 mm.

After the 2003 Tokachi-Oki earthquake, long-period and long duration ground motions have become one of the most highlighted topics in earthquake engineering in Japan. A long duration ground motion may continue for over 5 min. and in the case of a seismically isolated structure, isolation devices are subjected to vibration for a long period (Building Research Institute Japan, 2016). On this background, this study deals with the subject of scale effect on isolator characteristics under repeated cyclic loading. During the repeated loading, the properties of isolators are changed according to the increasing number of cycles. This property change firstly occurred by loading history (Tubaldi et al., 2017) for first several cycles, and then the increase in temperature is mostly influenced by the large number of cycles. During the tests, the surface temperature of the specimens is measured, and the relationship between the change of mechanical properties and the temperature according to the increase in the number of cycles is investigated. Additionally, finite element analyses (FEAs) are carried out under identical conditions with the tests, where parameter identification is conducted. After confirming the accuracy of the FEA model, the dynamic repeated loading characteristics with 1,000- and 1,600-mm-diameter isolators are investigated with this model and compared with the test results.



DYNAMIC LOADING TEST


Definition of Shear Properties

The shear characteristics, such as effective shear stiffness Keq, equivalent shear modulus Geq, equivalent damping ratio Heq, and dissipated energy Ed, of HDRB are defined in Figure 1. Keq is defined as the slope of the straight line from the point of (maximum load, maximum displacement) to the point of (minimum load, minimum displacement). Under sinusoidal loading, the force at maximum displacement has generally small difference from the maximum force. In the definition of the viscoelastic characteristics, the force at maximum displacement is generally used for the estimation of effective stiffness. However, the maximum displacement point, where the shear force drops sharply, is very difficult to identify and sometimes causes loss of accuracy in the calculation of characteristics when the time step for data acquisition is not precise enough. For this reason, effective stiffness is defined as mentioned above in this study. In frequency dependence test and shear strain dependence test, shear properties at the third cyclic loop are used for evaluation.
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FIGURE 1. Definition of shear properties of HDR.





TEST SPECIMENS

The dimensional characteristics, performance specifications, and material properties of full scale and scaled-down models are shown in Table 1 and Figure 2. The full scale and scaled model isolators have consistency of important parameters such as unit rubber layer thickness, number of layers, and first and second shape factors. However, because of the manufacturing process, there are slight differences for each parameter, which are indicated in Table 1. For reinforcing plates and flanges, it is challenging to follow an exact scale. Furthermore, full scale isolator has an inner hole with a diameter of 25 mm for manufacturing purpose. The authors considered these differences in the scale as negligible in this study. Full scale and scaled model isolators are identified as scale-I and scale-II, respectively. Two different types of high-damping rubber materials are used in the specimens. They are identified as rubber-A and -B, which have equivalent shear modulus Geq of 0.392 and 0.620 MPa at 100% shear strain, respectively. The equivalent damping ratio Heq of both rubber materials is 24% at 100% shear strain. These two high-damping rubber materials had been improved in terms of load history dependence. A stress softening behavior, known as the Mullins effect, is improved compared with conventional high-damping rubber materials (Murota et al., 2007).


TABLE 1. Dimensional characteristics and material properties of test specimens.
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FIGURE 2. Test specimens.


Each test specimen is named according to size, rubber material, and specimen no. as follows: [size: I or II]-[rubber: A or B]-[No.: 1, 2, or 3].

Shear strain γ is defined as Xmax/hr, where Xmax is the maximum horizontal displacement at a cycle of shear loading and hr is the total rubber height in an isolator unit. The shear strain of 100% corresponds to the shear displacement equivalent to the total rubber height. Each test specimen was manufactured from a different lot of rubber material and vulcanization conditions. Therefore, the variation of the modulus of used rubber material and the cure state of rubber by vulcanization may affect the shear properties of isolators. Especially, the cure state of scale-I and scale-II may have significant difference in network structures of polymer, sulfur, and fillers. This may be also considered as a scale effect.


Test Facility

The dynamic loading tests of the scale-I specimen were carried out by “Seismic Response Modification Device (SRMD) Test Machine” (Seible et al., 2000) in the University of California at San Diego. The loading plate of the test device, where the isolator is installed, slides over low-friction hydrostatic bearings. The generated friction force during dynamic loading was deducted from the raw data during data analysis. The friction force was measured by the UCSD laboratory in advance. The inertia force is calculated by acceleration and weight of mobile parts of the test device and was also deducted from the raw data. All test procedures were operated by the staff of the SRMD test facility in the UCSD.

The tests of scale-II were carried out by dynamic loading test machine in Bridgestone Corporation Technical Center, Yokohama, Japan. The maximum vertical load is 1,000 kN, and the maximum horizontal load and maximum strokes of the horizontal actuator is 200 kN and ± 0.3 m, respectively. The load cell, for measurement of shear and compression load, was installed just beneath the specimen. Therefore, the shear force obtained by the load cell does not include the friction force generated in the slide guide of the test machine. The inertia force is included but it is considered as negligibly small.



Test Conditions

Correspondence between the specimen number and the test type is shown in Table 2 along with test frequency and no. of cycles incorporated. Benchmark test was conducted to investigate the fundamental performance of isolators at a shear strain of 100% under a compressive stress of 13 MPa for material A and 15 MPa for material B, which is the test condition of the isolator used for determining the nominal shear modulus and the damping ratio by the manufacturer (Table 2). In frequency dependence tests, the benchmark tests were conducted repeatedly between each test at specific frequency in order to evaluate the influence of loading history on the results, which should be properly considered at evaluation. The change of the properties measured by the benchmark tests is an indicator of the fatigue by numerous loadings to the specimen. Ambient temperature during the testing of the scaled model was controlled at 20 ± 5 degree Celsius. The temperature of scale-I in the UCSD was not controlled, but the measured temperature ranges between 20 and 26 degrees Celsius during the test. Therefore, the authors consider the influence of ambient temperature to the properties as insignificant and negligible.


TABLE 2. Summary of test conditions.
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In frequency dependence test, the shear strain is 100%, the wave form is sinusoidal, and the number of cycles is three. A frequency of 0.33 Hz is considered as the standard vibration frequency in this study. The series of frequency is 0.01, 0.033, 0.1, and 0.3 Hz. Benchmark test was conducted between each test at a specific frequency as prescribed. In this study, frequency dependence is defined as the ratio of Geq, Heq, and Ed at each frequency level to those of 0.33-Hz frequency.

In the shear strain dependence test, its series is 10, 25, 50, 100, 150, 200, and 270%. The test frequency is fixed as 0.33 Hz, and the wave form is sinusoidal. The benchmark test is conducted at the beginning and end of the test series. In this study, shear strain dependence is defined as the ratio of Geq, Heq, and Ed at each shear strain to those of 100% shear strain.

In the repeated loading test, the specimen was subjected to a compressive load according to the corresponding nominal stress of 13 and 15 MPa for materials A and B, respectively. Under the controlled compressive load, the cyclic loading was conducted in the shear direction for a shear strain of 200%, with a frequency of 0.33 Hz. The total number of cycles was 200. The cumulative displacement was 72 m, which corresponds to 320 m for a full scale isolator unit assuming a total rubber height of 200 mm. The ratio of shear properties, Geq and Heq, at each cycle was computed by normalizing each value with that of the third cyclic loading. During testing, the surface temperature of the specimen was measured by a radiation thermometer.



Verification of Initial Properties of Test Specimens

Initial properties of test specimens were evaluated by the first set of benchmark tests. Comparing the nominal value of each property, all results were within the range of ± 20%, concluding that all test specimens were properly manufactured within designated margins. In the tests, scale-I specimens gave higher stiffness and a lower damping ratio than those of scale-II specimens. Figure 3 shows a comparison of the shear stress-strain relationship of I-A-1 and II-A-1, I-B-1, and I-B-1, for all three cycles. The factors that have possible influence on the difference in properties between scale-I and -II are the difference in the rubber material lot, vulcanization conditions, and the test device. Here, the difference in stiffness may be caused by the rubber material. The difference in the dissipated energy is quite small between scale-I and scale-II specimens, while the difference in stiffness is larger, which is attributed to the difference of the material lot and/or vulcanization conditions.
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FIGURE 3. Shear stress-strain relationship of scale-I and-II of rubber-A and -B for all three cycles.


Although there is some difference in measured properties between scale-I and -II specimens, all specimens satisfy the standard deviation, ± 15% of the design value, which is generally considered as the acceptance criterion of isolators in practical use.



Results of Frequency Dependence and Shear Strain Dependence Tests

The comparison of shear stress–strain relationships under frequency of 0.01, 0.033, 0.1, and 0.33Hz for scale-I and -II with rubber-A and -B at the third cycle is shown in Figure 4. Shear properties, Geq, Heq, and Ed at each frequency, normalized by the value at 0.33 Hz are shown in Figure 5. As it was expected, the shear modulus becomes higher for increasing values of the frequency. The shear modulus at 0.01-Hz frequency, which is considered as quasi-static, is more than 25% lower than that at the 0.33-Hz level. The damping ratio and dissipated energy values also show similar tendency. The difference in the frequency dependence between scale-I and -II is relatively small. Especially, for Ed, results almost agree with each other. These results indicate that the test results of the scale-I isolator conducted by quasi-static test conditions can be corrected to the results of dynamic test conditions by applying frequency dependence obtained by dynamic test of the scaled model.
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FIGURE 4. Shear stress-strain relationship of scale-I and -II in frequency dependence test at 3rd cycle.
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FIGURE 5. Comparison of shear properties in frequency dependency of-Scale-I and -II at 3rd cycle.


Figure 6 shows the transition of each property in benchmark tests conducted before each test at each frequency. The first benchmark test [BT(1), number in () : set number of the test] is conducted for verification of the initial performance of the specimens as prescribed in 2.5. The total number of sets was 5, and their sequence is
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FIGURE 6. Change of characteristics in benchmark test [BT(1) to BT(5)] of scale-I and -II at 3rd cvcle.
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The absolute value of each BT was normalized by the value at BT(1). All properties in each test specimen decrease as the number of sets increases. Also, it can be observed that scale-II shows more reduction of stiffness and constant reduction in dissipated energy. However, correlation with scaling is not obvious. The change ratio varies approximately between −10 and −20%. The results indicate that during the prototype test of isolators, effects of fatigue by accumulated loading should be adequately considered when making judgments according to design criteria. It is suggested that when the frequency dependence test will be conducted, fatigue effect should be measured by the benchmark test between each test as conducted in this study, and adequate correction of the results should be carried out such as deduction of the decreased amount of properties by fatigue from the results.

The shear stress–strain relationships for all cycles and each property normalized by the value at a shear strain of 100% for both rubber-A and -B with scale-I and II at the third cycle of each shear strain are shown in Figures 7, 8. Significant difference in the absolute value of shear stress is observed in the shear stress–strain relationship for scale-I and II, which is shown in Figure 7. The authors consider that the difference in stress is caused by the variation of rubber material and vulcanization process in scale-I and II specimens. However, it is noteworthy that the normalized value shows good agreement in scale-I and -II as indicated in Figure 8. Deviation in shear modulus, ± 10 to 20% for example, does not affect the shear strain dependence. This result suggests that the shear strain dependence can be effectively evaluated using scaled models instead of full scale similar to frequency dependence.
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FIGURE 7. Comparison of shear stress-strain relationship in shear strain dependence test of scale-I and -II for all three cycles.
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FIGURE 8. Comparison of shear strain dependency of scale-I and -II at 3rd cycle.


The results in frequency and shear strain dependence tests show that even when there is significant difference in the absolute value of shear properties in scale-I and -II, the normalized trends with frequency and shear strain amplitude were not affected by the scale. In both tests, loading was conducted in three cycles. The temperature on the rubber surface on scale-I isolators increased only 4 to 5 degrees Celsius at the end of the test compared to the initial condition. Benchmark test results indicate effective stiffness and dissipated energy decrease as loading experience increases. Appropriate consideration should be made in the evaluation of the results in continuous sets of loading.



Results of Repeated Loading Test

Figure 9 shows the shear force–displacement relationship of each specimen in repeated loading tests for the entire cyclic loading protocol. It is observed that the shear force and Ed are decreased by the increased number of cycles. The change of Geq, Heq, and Ed under repeated loading is indicated in Figure 10. The change of properties by repeated loading is considered as a combination of fatigue and temperature effect. For the first few cycles, fatigue effect, also called as “Mullins’s effect” (Mullins, 1969) is dominant in the change of properties. After a few cycles, properties are majorly affected by temperature increase. At the 200th cycle, Geq decreased for approximately 40% in II-A-3 and 30% in II-B-3. There is no significant difference in the change ratio of Geq and Ed for both rubber-A and -B. The increase in the surface temperature along the increase in the number of loading cycle, and the relationship between volumetric Ed of rubber in specimens (Vr) and surface temperature for both rubber materials are shown in Figure 11. The temperature increases from 20 degrees to a maximum of 80 degrees Celsius in the case of specimen B, which has higher shear modulus and energy dissipation. The result indicates that the specific heat capacities of rubber-A and -B have no significant difference. Therefore, the difference of temperature increase in A and B is simply caused by the difference in accumulated energy dissipation during repeated loading.
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FIGURE 9. Shear stress-strain relationship of scale- II-A and -II-B under repeated loading for shear strain 200% × 200 cycles.
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FIGURE 10. Relationship of change of properties and number of cycles in scale-II-A and -II-B.
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FIGURE 11. Change of temperature by increase of loading cycle and Ed/Vr in scale-II-A, and -II-B.




Finite Element Analysis for Evaluation of Scale Effect in Repeated Loading

As repeated loading tests on full scale specimens are quite challenging in existing test machines, FEA was conducted to predict the scale effect on the repeated loading by extrapolation to a large size isolator test case. FEA code named as the “Deformation History Integral Type (DHI)” model (Mori et al., 2012; Masaki et al., 2017) was implemented for the study. The function of the code is a heat-mechanics coupled analysis, which consists of hyper elastic stress–strain analysis and heat-transfer analysis. The constitutive law of the mathematical model (Mori et al., 2012) involves parameters for temperature affect and fatigue affect. Using both parameters, the properties of isolators during repeated loading are reproduced. The conceptual flow of the heat-mechanics coupled FEA and the comparison of the test results and FEA results for scaled model II-B-3 are shown in Figure 12.
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FIGURE 12. Concept of heat-mechanics coupled FEA and comparison of shear stress-strain relationship of Testing (Scale II-B) and FEA results.


Heat transfer boundary is set surrounded by isolators, and the coefficient of heat transfer was identified so as to agree with the surface temperature of the model. As explained in a previous publication (Mori et al., 2012), parameters were identified by the results of scaled models and shear-block specimens. Firstly, the parameters for temperature effect on the change of properties were identified by the test conducted with shear-block specimen, which was conditioned in constant temperature under −10, 0, 10, 20, 30, and 40 degrees Celsius. The number of loading cycles was three, and the properties at the third cycle was measured and recorded. Property change in the temperature range over 40 degrees Celsius was assumed by extrapolation with curve fitting. Parameters related to fatigue were identified using data of property change obtained during repeated loading dependency tests with 200 cycles.

Using these parameters, the repeated loading for full scale isolators with a diameter of 1,000 mm, which was used in this study as specimen I-B, and 1,600-mm-diameter was simulated by an FEA model, and the results were compared with II-3. The analysis was conducted based on 50 cycles. The dimensional characteristics of 1,600-mm isolators are as follows:


•outer diameter = 1,600 mm, inner diameter = 80 mm

•thickness of unit rubber layer = 10.4 mm, number of lamination = 19, total rubber thickness = 198 mm

•thickness of reinforcing plate = 5.8 mm, rubber material = B.



Figure 13 shows a comparison of normalized analysis results for Geq, Heq, and Ed with respect to the number of loading cycles, where values are normalized according to the results of the third cycle. The temperature distribution in all three isolator models at the final step is also shown in Figure 13. The results show the scale effect on the dynamic characteristics under repeated loading, which was not observed in frequency and shear strain dependence tests conducted for the three cycles. Analyses have shown that the effect of increasing repeated cycles on the shear modulus is almost the same for each diameter. However, in terms of dissipated energy Ed, there are significant differences between scaled model II-B and the largest size of the 1,600-mm-diameter isolator as the number of cycles increases. Obviously, the difference comes from the different temperature levels inside isolators, as the heat generation by high-damping rubber is proportional to the cube of the size (volume), whereas heat dissipation from the surface of the isolator is proportional to the square of the size (surface area).
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FIGURE 13. Comparison of change in Geq, Heq, and Ed of isolators with diameter of 225 mm (scale-II-B). 1000 mm (scale I-B), and 1600 mm in repeated loading by FEA.





CONCLUSION

The scale effect on the dynamic shear properties of HDRB was investigated by dynamic loading tests on full scale specimens with a diameter of 1,000 mm, and scaled model with 225 mm, using two different types of rubber material with soft and hard shear moduli.

Firstly, the nominal shear properties at 100% shear strain were measured and the manufacturing conformity of all specimens was verified. Then, dynamic loading tests of frequency and shear strain dependence were conducted. In both types of rubber materials, although there is some degree of difference between shear stress–strain relationship of full scale and scaled specimens, no significant difference was observed in neither dependences.

During the frequency dependence test, the change of fundamental properties was evaluated by the benchmark test, which was conducted between each test at a specific frequency. The stiffness and dissipated energy vales were decreased as the number of test cases increased. This fact suggests that when the continuous test is conducted, such as the prototype test of an actual project, the fatigue condition of the specimen should be appropriately considered in the evaluation of the results.

Next, repeated dynamic loading for 200 cycles of 200% shear strain with a scaled isolator specimen was conducted, and the relationship between the change of shear properties, temperature increase, and the number of loading cycles was investigated. As the number of cycles increases, the temperature of the isolator increased and stiffness and dissipated energy decreased.

The FEA model, which was developed in a previous study by authors for heat-mechanics coupled analysis, was implemented in order to investigate the cyclic characteristics of 1,000- and 1,600-mm-diameter isolators. The parameters in the constitutive law of the FEA was identified with test results of the scaled model with the diameter of 225 mm. The results show a significant difference in the change of shear properties by the number of repeated cycles. The results indicate that when the isolator is subjected to repeated loading over three cycles, the scale effect on shear properties is significant.

It is concluded that the scale effect on shear properties under a limited number of cycles, such as fewer than 10 cycles, can be neglected. It can be fed back to the practical case of the isolator test. In the prototype tests, if the frequency dependence is evaluated in advance, testing with a scaled model can be accepted. However, when long duration seismic input is considered, which has been a current issue since recent major earthquakes in Japan, the isolators may be subjected to an extreme repeated number of shear loading cycles. Considering these cases, the scale effect on the dynamic properties should be properly considered.

In this study, investigation of the scale effect is limited to the properties between 100 and 200% shear strain. The scale effect of HDRB isolators on ultimate properties such as shear breaking or buckling is under consideration as future subjects. Furthermore, investigation of the scale effect on other types of isolators, especially lead-core rubber bearing (LRB), is also considered in the next step. Energy dissipation is concentrated in the lead core where the thermal diffusion is considered to be affected by the dimension of the isolator.
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where,

A, : Effective area

H_ : Effective area and total rubber height
K., : Equivalent shear stiffness

G, : Equivalent shear modulus

H,,: Equivalent damping ratio

r

X
H,=2/n * E{/[K,, * (X;-X,)]

Q41> Oy Characteristic strength
0, O, : Maximum and minimum shear force

E; : Area of hysteresis loop= Dissipated energy
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Isolator Type I (Full scale) Il (Scaled model)

Outer diameter (mm) 1000 225 (0.225)*1

Inner diameter (mm) 25 0 (0.00)*"
Thickness of rubber (mm) 6.7 1.6 (0.239)*"
Number of lamination 30 28

Total thickness of rubber (mm) 201 44.8 (0.223)*1
Thickness of reinforcing plate (mm) 4.4 1.0 (0.227)*"

First shape factor 36.4 35.2

Second shape factor 4.98 5.02

ID of rubber material A B A B
Design value of shear modulus Geq (MPa)*? 0.392 0.620 0.392 0.620
Design value of equivalent damping ratio Heq*2 0.240 0.240 0.240 0.240
Number of specimens*® 2 2 2-+1 2+1
Rubber compound Elongation at break (%)** Tensile strength (MPa)** 100% modulus (MPa)**
A min. 840 min. 7 0.434/-0.2

B min. 780 min. 8.5 0.734/-0.2

*1Value in () is the ratio of the dimension of each part to those of 1,000-mm-dia. isolator. *2Design values are for shear strain 100%, loading frequency (sinusoidal) 0.33 Hz,
temperature 20 degrees Celsius, and third cycle of the hysteresis loop. *3Type-Il specimens: two for frequency dependence, shear strain dependence, and one for
repeated loading test. **Specified by JIS K 6251: Japanese Industrial Standards “Rubber, vulcanized or thermoplastics-Determination of tensile stress-strain properties.”





